A RRESTED hydrocephalus is a subject with many facets, ranging from problems of immediate clinical concern to the more arcane areas of cerebrospinal fluid (CSF) dynamics. The present report is a study of intracranial pressure (ICP) changes in a random group of children and adolescents with the requisite clinical and radiological criteria for a diagnosis of arrested hydrocephalus. The aims of the study may be defined as follows: 1) to determine the accuracy of the clinical and radiological basis used for diagnosis of arrested hydrocephalus (that is, a nonfunctioning shunt, no signs and symptoms of intracranial hypertension, and no evidence of progressive increase in ventricular size); 2) to observe the nature of ICP changes in apparently arrested hydrocephalus and relate these to clinical parameters, psychological assessment, and prior surgical treatment of hydrocephalus; and 3) to provide a basis for a broader study of the question of arrested hydrocephalus that would involve an evaluation of the diagnosis, incidence, and mechanism of arrested hydrocephalus as well as a study of the effects of treatment.
Clinical Material and Methods

Patient Population
A consecutive series of 46 patients was investigated for clinically arrested hydrocephalus at the Royal A1-exandra Hospital for Children between 1976 and 1982. None of these patients had progressive focal neurological deficits or the usual stigmata of intracranial hypertension. The indications for referral and review in these patients ( disorders (nine patients), and hydrocephalus noted incidentally on computerized tomography (CT) during investigations for other disorders (four patients).
The patients were divided into two groups. Group A comprised 30 hydrocephalic children who had previously had shunts placed and, at the time of review, appeared to be shunt-independent. The diagnosis of shunt independence was considered if the shunt system had been clipped or removed, or if an isotope shunt study had confirmed shunt blockage 4 and serial neuroradiographic studies had confirmed that the hydrocephalus was not progressing. Group B was composed of 16 hydrocephalic patients who had never been treated by shunting. Serial head circumference measurements and radiographic studies appeared to exclude progressive hydrocephalus in both groups.
Sex distribution and age of the patients at the time of investigation and initial ICP monitoring and etiology of the hydrocephalus are listed for both groups in Table  2 . The initial diagnosis of progressive infantile or childhood hydrocephalus had been established in each case by a combination of axial CT scanning, air and isotope ventriculography, and pneumoencephalography.
Methods
Intracranial pressure was monitored by either intraventricular or lumbar subarachnoid catheter. An intraventricular catheter was introduced through a frontal burr hole or part of an existing ventricular catheter system. A lumbar subarachnoid catheter was intro- record was obtained on a Gilson paper chart recorder.* Monitoring was continued for a minimum of 24 hours, and included at least one sleep trace of 8 to 10 hours. At the end of the monitoring period, the intrathecal catheter was withdrawn and specimens of CSF were sent for bacteriological analysis. No prophylactic antibiotics were prescribed, and simultaneous electroencephalographic monitoring was not performed during sleep recordings of ICP.
The following points should be made regarding our interpretation of the ICP records. The sleep record was thought to provide optimum artifact-free data for interpretation. Previous studies of ICP in hydrocephalic children have confirmed that major abnormalities appear during sleep records. 2 The baseline ICP level together with the frequency, amplitude, and duration of pressure waves were considered when categorizing tracings as normal or abnormal. A mean baseline pressure of more than 15 m m Hg, plateau waves (Lundberg Type A) of more than 25 m m Hg mean pressure, and waves of amplitude greater than 25 m m Hg, occurring at 1/min and sustained for more than 10 minutes, were considered indicative ofintracranial hypertension. With these guidelines, most cases could be classified as normal or abnormal ( Fig. 1 ). Permutations of these criteria * Pressure transducer manufactured by Statham Instruments, Inc., Oxnard, California; and paper chart recorder manufactured by Gilson Co., Inc., Worthington, Ohio. were present in all recordings in which ICP was regarded as abnormal ( Fig. 2 ). Those patients who had features suggestive of borderline intracranial hypertension, such as normal mean baseline pressure but with phasic (usually 1/min) pressure waves with peaks to 20 to 25 m m Hg (see Fig. 2a ), were monitored again several months later.
Depending on the interpretation of the ICP trace, the patient either had a CSF shunt system established or was placed under continuous observation in the neurosurgical outpatient clinic. All patients were reviewed at 6-to 12-monthly intervals. Neuropsychometric testing and school reports were used to assess the progress of the patients who, on initial ICP monitoring, showed no or only minimal abnormalities and thus appeared to have true arrest or compensation of their hydrocephalus. The neuropsychometric tests used included the Wechsler Intelligence Scale for Children Revised (WISC/R), the Wechsler Pre-School and Primary Scale of Intelligence (WPPSI), the Stanford-Binet Test, and the Peabody Picture Test. If these studies suggested that decompensation of the hydrocephalus seemed to be occurring, repeat ICP monitoring was undertaken.
Results
A total of 54 ICP recordings were performed in this series of 46 patients. Forty-eight (89%) of these recordings were obtained via an intraventricular catheter and six from a lumbar subarachnoid catheter. Six patients were monitored twice, and one patient three times. Leakage of CSF occurred around the intrathecal catheter in four patients; in three of these an incorrect ICP baseline resulted, and it was necessary to remonitor the patient. In the other patient, CSF leakage occurred after 36 hours of monitoring, by which time an abnormal trace had been obtained.
Pleocytosis was occasionally seen in the CSF following withdrawal of the catheter. There was one case of Streptococcus viridans meningitis that responded rap- idly to antibiotic therapy, and also one case of meningitis for which no organism could be cultured. In one case, transient CSF leakage was noted following withdrawal of the intraventricular catheter.
lntracranial Pressure Recordings
In general, the etiology and type of hydrocephalus did not appear predictive of the ICP record. In both Groups A and B, the incidence of normal ICP was similar in patients with obstructive and communicating hydrocephalus ( Table 3 ). Both patients with Dandy-Walker syndrome were, however, found to have intracranial hypertension.
Group A. The 30 patients in Group A had a total of 35 ICP recordings. In 24 (80%) of these patients, records indicated intermittent or persistent intracranial hypertension, and six had essentially normal ICP traces. Two patients initially had normal ICP records but, when monitoring was repeated, their records showed obvious abnormalities.
Of the six children with normal ICP traces, mean baseline pressures were less than 10 mm Hg in four and more than 15 mm Hg in two. In the 24 patients considered to have intracranial hypertension, mean baseline pressures were less than 10 mm Hg in 13 cases, less than 15 mm Hg in eight cases, and more than 15 mm Hg in three cases. There was variation in the frequency, amplitude, and duration of the pressure waves within these subgroups. The mean plateau wave pressure in those patients with a baseline ICP of less than 15 mm Hg ranged between 25 and 55 mm Hg, and in patients with a baseline ICP of more than 15 mm Hg it ranged between 35 and 65 mm Hg. On the basis of the ICP recordings, all 24 patients had a ventriculoperitoneal shunt reestablished.
Group B. The 16 patients in Group B had a total of 19 ICP recordings performed. Ten (63%) of these patients had abnormal ICP records, and six were essentially normal. In two patients, an initial ICP record had been interpreted as showing only mild abnormalities. However, when repeated 4 and 5 months later, respectively, there was unequivocal intracranial hypertension. The baseline ICP of 14 patients (88%) was between 5 and 15 mm Hg, whereas in two (12%) it was between 15 and 30 mm Hg. The night traces of those 10 patients regarded as abnormal again showed plateau waves, phasic waves, and 1/min waves of variable amplitude, duration, and frequency. In particular, the mean pressure of the plateau waves was higher in those patients with a baseline ICP greater than 15 mm Hg (range of mean plateau wave pressures 44 to 65 mm Hg) than it was in those with a baseline ICP of less than 15 mm Hg (range of mean plateau wave pressures 25 to 35 mm Hg).
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For both groups, there was no correlation between the reason for evaluation of ICP and the result of the monitoring. Children with asymptomatic hydrocephalus had a similar high incidence (approximately 80%) of intracranial hypertension as those with symptoms of intellectual or cortical dysfunction (Table 1) . Similarly, although a falling intelligence quotient (IQ) (greater than a 10-point variation) was highly suggestive of decompensation of hydrocephalus, this correlation was not statistically significant (Fisher test: p > 0.05). Some children with stable IQ's showed abnormal ICP changes, whereas one with normal ICP was documented as having a falling IQ (Table 4 ). Deterioration in IQ following an initially normal ICP record was an indication for repeat monitoring in two patients. Both of these patients had abnormal records 4 and 15 months, respectively, following the initial normal monitoring. In neither patient had there been neuroradiological evidence of hydrocephalus progression or stigmata of intracranial hypertension.
Discussion
Arrest of hydrocephalus is a condition that poses a number of questions regarding the pathophysiological mechanism, diagnosis, and management. Problems of particular relevance to the neurosurgeon are: 1) How many hydrocephalic patients will have arrested hydrocephalus? 2) How may this be reliably recognized clinically? 3) Is arrested hydrocephalus reversible? 4) What continuing assessment should be made in patients deemed to have arrested hydrocephalus? and 5) What happens to the CSF circulation to bring about arrest, and can this process be managed?
Previous figures on the incidence of arrest are variable, and suggest an incidence between 9% and 47%. 5'7'9'12 These studies may be criticized on the grounds of incompleteness of documentation of arrest and variability of investigative criteria, such as the acceptance of isotopic demonstration of shunt nonfunction or single CSF pressure measurements. We are currently conducting a prospective study using CT clearance of radionuclide tracer injected intrathecally to examine the problem of incidence of arrested hydrocephalus in treated neonates. The initial results of this study suggest an incidence of around 13% of hydrocephalic cases. Ix However, further information concerning the incidence of arrest of hydrocephalus is required. It is likely that the use of radionuclide techniques may allow the most satisfactory definition and identification of arrest. These radionuclide techniques also provide a means of continued follow-up review. 1~
The present study has used continuous ICP monitoring to further evaluate a random sample of children and adolescents who would satisfy clinical and radiological criteria for the diagnosis of arrested hydrocephalus. Monitoring of ICP has limitations, however, due to the difficulty in defining normal levels of ICP for children of various ages. This problem is exemplified by the differing criteria widely reported for normality and abnormality of ICP in children with craniostenosis. 13' 14 Further problems in interpretation of ICP records arise from the limited knowledge of the significance of intermittent phasic pressure waves in children. It has been considered that phasic pressure waves, with no plateau waves, occur during rapid eye movement (REM) sleep when ICP during slow-wave sleep is normal. 13 However, the parameters that indicate whether these waves are physiological or pathological are unknown.
Despite problems of definition, the majority of patients in this study were found to have significant intracranial hypertension. Some form of assessment of CSF dynamics does, therefore, seem to provide optimum evaluation of true arrest of hydrocephalus. 1-3,6,7 Clinical and radiological criteria for diagnosis of arrested hydrocephalus have been shown to be inaccurate. 1'3'6 The range of symptoms leading to investigation of our patient groups further confirms that major abnormalities of ICP can occur with few clinical stigmata. Particularly interesting is the finding that serial IQ assessments may also be stable despite abnormalities in ICP. This finding again raises the problem of correlating abnormalities of ICP and brain dysfunction.
The results of this study suggest a very low incidence of true arrest of hydrocephalus. This finding complements the previous studies in which major derangements of CSF dynamics and ICP have been found in a significant proportion of children clinically diagnosed as having arrested hydrocephalus. [1] [2] [3] 6 This study also illustrates that a solitary normal CSF pressure reading measured at lumbar puncture is an inaccurate guide to ICP dynamics since, as in normal pressure hydrocephalus, baseline ICP may not be elevated.
Reversibility of arrest of hydrocephalus is also a point of considerable practical importance. There is little quantitative information on this matter, although the disastrous consequences of misdiagnosis of arrest and decompensation of arrested hydrocephalus have been described] The incidence of reversed arrest in this study was 25%: four of 16 patients initially having normal ICP records were later found to have abnormal ICP. In two of these patients, the alteration in CSF dynamics was recognized by deterioration in psychometric functioning; however, none of the four patients had either radiological evidence of hydrocephalus progression or clinical stigmata of raised ICP. The alterations in CSF dynamics leading to reversal of arrest are obscure, but certainly require further study. The present investigation highlights the need for continuing vigilance in patients deemed to have arrested hydrocephalus.
Presumably, arrest of hydrocephalus is associated with alterations in CSF formation, reestablishment of normal CSF pathways, the opening up of alternative CSF pathways, or combinations of these. It is known from clinical observation that transient hydrocephalus can occur with spontaneous reversibility in situations such as subarachnoid hemorrhage or head injury, or following meningitis. This is very much less likely in developmental progressive hydrocephalus, since normal CSF pathways and absorption may never have been established. Although experimental studies of hydrocephalus have documented the existence of alternative pathways of CSF circulation and absorption, and alterations in CSF formation, these parameters have not been investigated in detail in the clinical situation. 8
